Purpose To report the clinical association between macular coloboma (early-onset macular dystrophies/atrophic changes) and different phenotypes of retinitis pigmentosa (RP). Methods Three young-adult siblings, two males and one female, were retrospectively studied. These patients underwent two complete ophthalmologic examinations (27-month follow-up), including orthoptic evaluation, colour vision test, visual field, corneal topography, electronystagmography, fluorescein angiography, and electroretinography. Eye check, automated visual field test, and complete electroretinographic study were also conducted on other asymptomatic members of the same family. Results All symptomatic siblings were affected by manifest congenital nystagmus, poor visual acuity, and progressive visual field impairment in both eyes, bilaterally presenting macular coloboma associated with three different RP patterns: classic RP; mild dystrophy of the retinal pigment epithelium, associated with subnormal electroretinographic findings (subclinical form of RP); and sector RP. The ophthalmologic reports regarding their deceased father documented that he had suffered from the same alterations of ocular movements and visual performances diagnosing, in both eyes, extensive atrophic changes of the macular area completely surrounded by pigmented bone spicules (RP-type tapeto-retinal dystrophy). The other investigated relatives did not show any specific and/or significant ocular disorder. Conclusions In these three adult members of the same family, the concomitance between macular coloboma and different intrafamilial RP phenotypes is described. This association represents an autosomal dominant clinical entity, hitherto observed only in non familial sporadic cases.
Introduction
Macular coloboma is characterised by a sharply defined, rather large defect in the central area of the fundus that is oval or round, and coarsely pigmented. The condition is thought to result from intrauterine inflammation or to be an abnormality of development. A developmental alteration seems to be the cause thereof (i.e. of the condition) among those patients with a hereditary or family origin, [1] [2] [3] and among those with other ocular or systemic abnormalities. [4] [5] [6] [7] [8] [9] [10] [11] Several reports have described patients with macular coloboma associated with peripheral retinal changes such as retinitis pigmentosa (RP), 4 retinal aplasia, 5 Leber's congenital amaurosis, 6, 7 retinal dystrophy, 8, 9 progressive atrophy of the peripheral retina, 10 or pigmented paravenous retinochoroidal atrophy. 11 The purpose of this paper is to present the clinical characteristics in three adult siblings who exhibited a bilateral macular coloboma (early-onset macular dystrophies/atrophic changes), associated with different RP phenotypes. We are unaware of previous reports of nonsporadic concomitance between macular coloboma and heterogeneous intrafamilial RP patterns and could find no reference to it in a computerised search utilising Medline.
Case reports
We retrospectively analysed six members of a nonconsanguineous family coming from the South of Italy (the mother, three daughters, and two sons), who were admitted at our Clinic from September 2000 to January 2003. Only the three symptomatic patients (two sons and a daughter) underwent two complete ophthalmologic examinations (27-month follow-up), including orthoptic evaluation, colour vision test, visual field, corneal topography, electronystagmography, fluorescein angiography (FA), and electroretinography (ERG). Eye check, automated visual field test, and complete ERGs study were also conducted on the other asymptomatic members of this family (the mother and two daughters). Lens assessment was performed according to the Lens Opacities Classification System III (LOCS III). 12 Computed corneal topographic studies were conducted by Optikon 2000 Keratron Corneal Analysis System (Optikon 2000 S.p.A., Roma, Italy). All ocular electrophysiological findings were achieved by Modular System BM-6000W and an Olivetti-I.B.M. personal computer (Biomedica Mangoni, Pisa, Italy). Electronystamographic waveform analyses were carried out using skin electrodes positioned at all four canthi, a ground electrode placed on the forehead, and the optokinetic stimulator type BM1620 with a semicircular bar (type BM1620-C). Full-field, scotopic, and photopic ERGs were recorded by employing Henkes corneal contact lens ERG electrodes and a ground electrode on the forehead. In each eye, the ERG tracings were obtained after maximal pupil dilatation with topical 10% phenylephrine hydrochloride, according to the ISCEV parameters. 13 The results of the electrophysiological responses were compared with the normal values obtained by examining 100 normal subjects, who had been referred to our clinic for different reasons, but with no detectable eye disorder and with normal visual acuity.
The three symptomatic siblings reported a very earlyonset nystagmus (in all cases firstly diagnosed during the third or fourth month of life), poor visual acuity, progressive and different visual field impairments. In each of these patients, the first available ophthalmoscopic reports, recorded when they were between 12 and 15 months old, indicated the presence of an oval dystrophic macular lesion in both the eyes. At the time of our examination, orthoptic evaluation and electronystagmography performed in each subject bilaterally showed a horizontal nystagmus, which was more evident in the elder son; the eyes oscillated with the same velocity in both directions (pendular nystagmus), assuming a jerky character in the extreme positions of gaze. In all patients, these involuntary and rhythmic conjugate oscillation of the eyes appeared as manifest congenital forms of nystagmus, typically characterised by: (i) biphasic, mostly pendular movements; (ii) increasing velocity in the slow phase; and (iii) no change on unilateral occlusion. 14 The medical and drug histories of all the three siblings were unremarkable. Their familial history (Figure 1 ) revealed that the paternal grandfather (deceased) had suffered from early-onset nystagmus and poor visual acuity; whereas the orthoptic and ophthalmologic reports of their father (deceased) documented that he was bilaterally affected by: (i) congenital nystagmus (horizontal and pendular); (ii) both central and peripheral total blindness; (iii) absence of pupillary light reaction in pseudophakic eye treated with Nd:YAG laser capsulotomy; (iv) marked and diffuse vitreous degeneration; and (v) extensive atrophic changes and pigment clumps at the level of the macular area, associated with waxy pallor of the optic disc, very restricted retinal vessels and several mid-peripheral pigmented bone spicules (RP-type tapeto-retinal dystrophy). Several ophthalmologic findings, including best-corrected visual acuity, colour vision, intraocular pressure, anterior segment slit-lamp examination, cycloplegic ametropia, corneal topography, and electroretinography, of the three affected members are summarised in Table 1 (Cases 1-3).
Case 1
In September 2000, a 38-year-old man came under our observation for a life-long history of nystagmus, photodysphoria, and markedly reduced visual acuity, followed by nyctalopia and progressive visual field constriction. Goldmann kinetic perimetry, performed by a standardised V-4-e target, bilaterally documented the presence of a restricted remaining vision area in the inferior-nasal sector that was larger in the right eye (Figure 2a, b) . Ophthalmoscopic examination bilaterally revealed posterior vitreous detachment and diffuse vitreous degeneration, several wide patches of chorioretinal geographic atrophy, associated with waxy pallor of the optic disc, attenuated retinal vessels, rare mid-peripheral bone spicules and several pigment clumps, located only in the macular atrophic area. FA revealed widespread retinal pigment epithelium (RPE) depigmentation, and detailed the atrophic features of both posterior poles (Figure 2c 
Eye
In January 2003, during a periodical eye check, performed after a follow-up period of 27 months, the patient reported a subjective worsening of his visual performances. The biomicroscopic and ophthalmoscopic findings remained bilaterally unchanged. Otherwise, standardised V-4-e target Goldmann kinetic perimetry indicated, in each eye, a further dramatic narrowing of the vision area. These clinical findings were consistent with the diagnosis of an advanced form of classic RP associated with congenital manifest nystagmus related to severe chorioretinal atrophy of the macula.
Case 2
In September 2000, the 35-year-old sister of the patient previously described was examined. Since childhood, she had been reported to have severe central visual deficiency, associated with nystagmus and photodysphoria. During the last decade, she also noted a progressive, moderate narrowing of her visual field and slight nyctalopia. A visual field examination, performed by the Humphrey field analyser employing central 30-2 full threshold strategy and III-white stimulus, bilaterally showed an extensive mid-peripheral reduction of retinal sensitivity, with several fragmentary concentric field losses of different intensities and central ill-defined scotoma (Figure 3a, b) . In each eye, ophthalmoscopy singled out diffuse and moderate vitreous degeneration, a wide macular colobomatous area of circumscribed chorioretinal atrophy and pigment clumping, associated with a temporal wedge of optic disc pallor, diffuse midperipheral areas of RPE dystrophy, and a pigmented perivenous clump in her right eye. FA revealed, in both eyes, a late juxtapapillary and macular staining together with weak hyperfluorescent areas of RPE depigmentation around the posterior pole (Figure 3c, d ). Full-field ERG showed a conspicuous amplitude reduction with normal latency; also scotopic tracings were significantly diminished, whereas the photopic one was nonrecordable (Table 1 , Case 2).
In January 2003, during a periodical eye check-up, performed after a follow-up period of 27 months, the patient reported a subjective worsening in her vision. In both eyes, even though biomicroscopic and ophthalmoscopic examinations had not revealed any significant modification, ERG studies showed a further amplitude reduction in the full-field and scotopic tracings (Table 1 , Case 2). These findings documented a progressive functional alteration of peripheral photoreceptors, establishing the diagnosis of a subclinical form of RP.
Case 3
In September 2000, the 29-year-old brother of Case 1 patient was investigated. He reported early-onset poor Eye visual acuity, related to nystagmus and photodysphoria. In the course of the last few years, the patient recognised a partial, pauci-symptomatic visual field defect and moderate nyctalopia. A visual field examination, performed by Humphrey field analyser employing central 30-2 full threshold strategy and III-white stimulus, showed a bilateral super nasal quadrantanopsia and some areas of partial scotoma in the other quadrants (Figure 4a, b) . In both the eyes, fundus examination showed diffuse vitreous degeneration, large macular colobomatous atrophy, encircled by a pigment ring, in association with optic disc pallor, and mid-peripheral infer nasal bone spicules surrounded by normal retina. In both the eyes, FA documented the presence of a severe macular chorioretinal atrophy, associated with peripapillary atrophic changes and diffuse infer nasal RPE depigmentation (Figure 4c, d ). Full-field and scotopic ERGs recorded a marked reduction in amplitude of all waveforms, which showed significant morphologic abnormalities, associated with normal implicit times; photopic ERG was nonrecordable (Table 1 , Case 3).
In January 2003, during a periodical eye check-up, performed after a follow-up period of 27 months, biomicroscopic and ophthalmoscopic examinations did not reveal any significant modification. Otherwise, ERG studies showed further amplitude reduction and morphologic deterioration of the full-field and scotopic tracings (Table 1, Case 3). These findings documented a progressive functional alteration of peripheral photoreceptors, indicating the diagnosis of sector RP.
These siblings exhibited a bilateral macular coloboma (early-onset macular dystrophies/atrophic changes), and three different RP patterns: (i) classic RP; (ii) diffuse, mild dystrophy of the RPE, associated with subnormal full-field and scotopic electroretinographic findings (subclinical form of RP); and (iii) sector RP. Moreover, familial history together with the retrospective analysis of their father's ophthalmologic reports are strongly suggestive of the pathologic association also in the previous generations, confirming the autosomal dominant (AD) model inheritance of the diseases. In the literature, two case reports describing the association between macular coloboma, inherited retinal dystrophy, and keratoconus have been reported. 4, 5 Computed corneal mapping, performed in each eye of all our symptomatic patients to exclude the possible presence of keratoconus associated with the previously described changes of the posterior segment, has revealed normal videokeratographic patterns, characterised by a slight, symmetric astigmatism (Cases 1-3; Table 1 ).
Ophthalmologic examination, automated visual field test, and complete ERGs study were also conducted on other asymptomatic members of the same family (mother and two daughters), but did not show any specific and/or significant ocular disorder (Cases 4-6; Figure 1 ; Table 1 ).
Discussion
Spontaneous nystagmus occurring before about 6 months of age is called 'congenital' or early-onset nystagmus. Although the nystagmus rarely starts until the baby is a few months old, it is usually caused by a visual problem that is present at birth, such as albinism, aniridia, cataracts, glaucoma, coloboma, cone dysfunction, achromatopsia, high myopia, optic nerve hypoplasia, stationary night-blindness, and Leber's amaurosis. [15] [16] [17] In each symptomatic subject described herein (Cases 1-3 nystagmus characterised by bilateral, horizontal, biphasic, and mostly pendular-type conjugate oscillation of the eyes. 14,17 Moreover, these siblings had a life-long history of rhythmic 'wobbling' of the eyes, photodysphoria, and poor visual acuity, all clearly indicating, together with the described clinical findings, the diagnosis of manifest congenital, sensory-defect nystagmus. In the course of their adult life, these earlyonset stationary ocular disorders were being associated with progressive visual field damage, which assumed, in each patient, different objective changes corresponding to variable subjective symptoms. In fact, all these subjects had suffered from an extensive, but probably asynchronous, loss of both cone and rod functions. They bilaterally showed central colobomatous chorioretinal atrophy, responsible for the congenital nystagmus, in concomitance with three different forms of peripheral photoreceptor and RPE abnormalities. During a 27-month follow-up period, in the two younger siblings affected by these familial, RP-type tapeto-retinal dystrophies (Cases 2 and 3), we have also documented the progressive, bilateral worsening of both full-field and scotopic ERGs, confirming the ophthalmoscopic and FA diagnosis of subclinical RP (Case 2), and sector RP (Case 3).
Macular coloboma (early-onset macular dystrophies/ atrophic changes) is a rare stationary inherited dysplasia of the chorioretinal tissue, which is typically associated with manifest, sensory-defect congenital nystagmus. 18 All the symptomatic relatives of this macular coloboma/ RP family had suffered from a colobomatous-related nystagmus, although at the time of our examination, the elder brother showed ill-defined atrophic macular a b Eye changes, by now confused with the advanced RP peripheral lesions, which have already involved the entire posterior pole in both the eyes (Figure 2a, b ; Case 1). Mann classified macular coloboma into three types, namely pigmented macular coloboma, nonpigmented macular coloboma, and macular coloboma associated with abnormal vessels. 19 In our patients, the macular lesions seemed to be of the nonpigmented type, even if the atrophic pattern of the female subject was less expressed (Case 2), as compared to that of her brothers. On the contrary, their different peripheral abnormalities were suggestive of phenotypic intrafamilial variants of a single genotypic entity.
Manifest, sensory-defect congenital nystagmus, related to bilateral macular atrophy observed in members of the same family, can be due essentially to colobomatous macular lesions or to Leber's congenital amaurosis. 18 A peculiar difference between these two congenital diseases is constituted by the presence or otherwise of the characteristic salt-and-pepper appearance in the midperipheral retina, which is observed only in Leber's amaurosis. 18, 20 This pathognomic sign is clearly absent in the siblings described herein and, particularly, in Cases 2 and 3, whose peripheral retina allows an easy diagnosis by exclusion (Figures 3c, d and 4c, d) . Moreover, the genetic transmission of Leber's congenital amaurosis commonly displays an autosomal recessive (AR) model inheritance, which is not the case in this family ( Figure 1) ; on the contrary, the heredofamilial transmission observed in our patients is typically pertinent to macular coloboma. 9, 18, 20 In the course of the differential diagnosis, other colobomata-simulating entities, such as central areolar choroidal dystrophy, cone degenerations, inverse RP, dominant foveal dystrophy, and atrophic macular lesion in the course of RP were excluded because they are not associated with manifest, sensory-defect congenital nystagmus. 14, 17, 18, 20, 21 Several cases of bilateral macular coloboma associated with different manifestations of peripheral chorioretinal inherited dystrophy have been previously reported. [4] [5] [6] [7] [8] [9] [10] [11] Also, keratoconus has been described in patients with these ophthalmoscopic findings, but they were always nonfamilial cases. 4, 5 The male members of this Caucasian family were affected by different typical RP phenotypes, 20, 21 characterised by the presence of mid-peripheral bone spicules involving, respectively, the entire retina (classic RP; Case 1 and also the deceased father of the siblings) and only a retinal sector (sector RP; Case 3). Otherwise, the sister exhibited a diffuse, mid-peripheral RPE dystrophy whose familiarity, ERG findings, and FA characteristics are consistent with the diagnosis of an atypical, subclinical RP (Figure 3a , b; Table 1 ; Case 2). Thus, the previously described ocular findings confirm the concomitance between macular coloboma (earlyonset macular dystrophies/atrophic changes) and three different RP phenotypes. This inherited association may represent an AD clinical entity, hitherto reported only in nonfamilial sporadic cases in which the progressive tapeto-retinal dystrophy was not always a well-defined entity and, hence, heterogeneously named. 4, [9] [10] [11] On the other hand, a chance of co-occurrence cannot be ruled out. In fact, the variable RP expressivity, milder in the female than those observed in the males, without any significant clinical difference in the macular colobomatous lesions, could be similarly claimed to justify the different clinical pictures found in our patients.
In the course of the last decade, mutation analyses and several clinical evaluations have demonstrated the possibility of extensive intrafamilial and interfamilial phenotypic variations of some inherited retinal dystrophies, showing a wide range of ophthalmoscopic manifestations in the same offspring. 22, 23 To date, different pathogenic correlations between a specific genotypic abnormality and the development of degenerative inherited changes, involving both central and peripheral photoreceptors, have been ascertained or suspected. 24 Otherwise, the concomitant occurrence of congenital and postnatal retinal diseases has been observed only in association with a few genetic polymorphisms, essentially transmitted through AR model inheritance (i.e. IMPG2, ELOVL4, CRB1, GUCY2D, and AIPL1). [25] [26] [27] However, in the present AD-macular coloboma/RP family, these AR mutated genomic loci and/or other contiguous ones may also be indicated as possible candidate genes for the molecular genetics study, especially when considering that variations of retina-specific genes, such as RHO and NRL, are able to cause both AD-, and AR-, and sporadic-RP. 24, 28 Although the aetiology of the cases described herein is still unknown, the presence of bilateral macular coloboma and three different RP phenotypic variants leads us to speculate that a genomic relationship does exist between these AD disorders, which could be further investigated after an accurate chromosomal analysis of the three affected siblings.
